Background: Endoscopic screening for gastric cancer is debatable in countries with an intermediate risk.
Introduction
Gastric cancer is the fifth most common malignancy and is the third leading cause of cancer-related death worldwide. 1 Its prognosis is closely related to stage of diagnosis with an overall five-year survival below 25%. This can be improved by early detection by means of screening strategies as well as surveillance of patients at higher risk. 2 At present, screening for gastric cancer is performed only in countries with a high risk of disease (defined as an age-standardised rate (ASR) !20 per 100,000) such as Japan and Korea (29.9 and 41.3, respectively). 3 Screening is mainly performed by upper endoscopy, improves survival and is cost-effective in high-incidence regions. 4 Screening enables the detection of gastric cancer at earlier stages, eventually as early gastric cancer, defined as carcinoma limited only to the mucosa or submucosa, regardless of lymph node involvement; this is usually accessible by endoscopic treatment, such as endoscopic submucosal dissection. 5, 6 In contrast, in countries with a low incidence of gastric cancer (defined as an ASR <10 per 100,000) such as the United States of America (USA) (3.9 per 100,000), there is no rationale for endoscopic screening in terms of allocation of resources and costs. 7 In countries with an intermediate risk for gastric cancer the decision on endoscopic screening is less clear and economic analyses are needed to define the best strategy in terms of health benefit and use of economic resources. Guidelines recommend endoscopic surveillance every three years for patients at higher risk of gastric cancer progression due to the presence of extensive atrophy or intestinal metaplasia. This surveillance strategy proved to be cost-effective in 50-to 75-year-old individuals, but it might apply to only 7% of the population, while screening is intended for the whole population in the target age group. [8] [9] [10] The main aim of our study was to evaluate the costutility by means of a Markov model of upper endoscopic screening versus no screening in a European country with an intermediate risk for gastric cancer.
Materials and methods

Target population
The target population was defined as all Portuguese men and women aged 50 to 75 years, but because this study is an economic model no human participants were used. The age range was based on the fact that most gastric adenocarcinomas are diagnosed after the age of 50 years, and is similar to the European colorectal cancer screening recommendations. 11 Portugal has organised cancer screening programs in most of the country for breast, cervical and colorectal cancer, in this case by faecal occult blood testing with colonoscopy for positive cases. The same structural organisations could be used for the implementation of gastric cancer screening without a relevant increase of organisation costs, beyond the cost for the endoscopic exams and need for endoscopic resources.
Model structure
A Markov model was designed to compare every screening strategy versus the current no screening option. The model incorporated all stages of disease from a healthy stomach to early and advanced cancer, as well as post-treatment follow-up. It determined post-cancer survival, death by gastric cancer and death by other causes (Figure 1 ). In the model, every branch corresponds to an individual state of disease (circle), and Markov cycles start at the beginning of each branch for any of the screening strategies, in the figure represented as a single alternative for simplification of presentation (circles with an M). On the far right are the terminal stages (triangles) for the Markov cycles and patients at these stages return to the beginning of the next cycle after a one-year cycle, unless deceased.
Three hypotheses were modelled versus the no screening strategy. Strategy number one, the main intervention under study, was stand-alone endoscopic screening for gastric cancer by upper digestive endoscopy between 50 and 75 years old every five years. This choice of a five-year interval upper endoscopy is based on a conservative approach considering the minimum safe gap between endoscopies to prevent any interval gastric cancer (no guidelines or studies exist on this issue).
Strategy number two was endoscopic screening combined with an already performed colorectal cancer screening colonoscopy after a positive faecal occult blood test every 5-10 years (and only the extra endoscopy costs were accounted). This 5-to 10-year interval is a mix between the recommended colonoscopy intervals for the 45% of patients without polyps after a positive faecal occult blood (10 years according to recent guidelines) and the 55% of patients with polyps after a positive faecal occult blood (between three and five years based on the pathology results). 12, 13 Strategy number three was biennial serology screening by means of pepsinogen I and II followed by endoscopy only in positive cases, defined as a pepsinogen I 70 ng/ml and a pepsinogen I/II ratio 3.
14,15
In accordance with the recommendations for reporting cost-effectiveness analyses, a societal perspective was adopted. This means the inclusion of costs charged to the health system, patients, families and employers, thereby representing the public interest rather than that of any specific group. 16 Also according to guidelines recommendations, a cost-utility economic analysis was adopted to adjust life years saved to their quality by using community utilities in terms of qualityadjusted life years (QALY).
For the elaboration of the model and drafting of the manuscript we adopted the suggestions of the Consolidated Health Economic Evaluation Reporting Standards (CHEERS). 17 The software used was TreeAge Pro 2009 (TreeAge Software, Williamstown, MA, USA).
Clinical data
An extensive review of the available literature was conducted in PubMed to look for the best available estimates for each variable in terms of transition probability for gastric cancer risk, distribution by cancer stage, efficacy and adverse events of treatments, and disease-specific survival. This was performed by means of the following search terms: gastric cancer, endoscopy, endoscopic submucosal dissection, gastrectomy, chemotherapy, radiotherapy, adverse events and costs. Where available, systematic reviews, meta-analyses and studies specifically conducted for the Portuguese population were preferred. 18 All variables and respective references inserted in the model are presented in a supplementary file with point estimates for the base case scenario and their plausible ranges according to the published literature.
Cost data
Costs were calculated in euros (E) and given in 2016 prices. Prices from previous years were adjusted for inflation with an online conversion tool provided by Pordata. 19 A discount rate of 3% was incorporated for both costs and effectiveness, ranging in the sensitivity analysis between 0 and 5% in accordance with published recommendations. 16 Costs were estimated from national sources for endoscopic costs (endoscopy costs, related procedures and user fees but without administration-related costs), health state costs (related to disease stage and corresponding treatments), adverse event costs (endoscopic procedures and gastric cancer treatments such as surgery, chemotherapy and radiotherapy) and indirect costs (working days lost for patients and transportation). Resource use such as appointments to healthcare was also included, but no assumptions were made for issues such as nurse time or time lost for relatives or caregivers. Employers' costs were based on the cost per hour reported by the Portuguese Institute of Statistics, but no changes in productivity were included in the model.
Utility data
Health states and utilities for individuals with present gastric cancer and those who survived after treatment were obtained with a single standardised health measurement instrument through a cross-sectional nationwide study of patients undergoing upper gastrointestinal endoscopy (n ¼ 1434). 20 The EQ-5D-5L quality of life questionnaire (EuroQol) was used. The results allowed adjustment for age and gender for inclusion in the present model.
Assumptions
To allow for comparability to other publications we used the same stages of disease without screening and the same improved stages after screening used in previous models. [21] [22] [23] Also for comparability, the proportion of stage I early cancers manageable by endoscopic treatment after screening (30%) and the proportion of stage II cancers treated only by surgery (60%) were similar to a previous published model. 24 We assumed that without screening only 1% of all gastric cancers would be detected at an early stage. The effectiveness of upper endoscopy in terms of early gastric cancer diagnosis was assumed to be the same for all screening strategies. The strategies differed only in terms of costs and adherence rates.
The diagnosis and surveillance of premalignant conditions, increased risk due to a positive family history of early-onset gastric cancer as well as endoscopic yield with the new high-resolution endoscopic technologies were out of the scope of the present model. 8, 9 Also in the present model, every gastric cancer patient received the same treatment according to stage of disease, irrespective of diagnosis with or without endoscopic screening.
Assumptions had to be made on expenses on transportation of patients and relatives; asymptomatic patients or patients without gastric cancer were assigned with a utility of 1 and for comparison of strategies a full compliance with endoscopic screening was used although it is well known from countries with screening programmes running that the adherence is well below 100%. [25] [26] [27] [28] Cost-utility analysis
The primary outcome measure was the incremental cost-effective ratio (ICER) between the screening strategies versus the no screening option. Costs were included in the numerator and effectiveness in the denominator in terms of QALY.
The willingness-to-pay was set at twice the Portuguese gross national income per capita in 2016 prices, according to the Atlas method of the World Bank, as suggested by the Commission for Macroeconomics and Health of the World Health Organisation, corresponding in US dollars ($) to 2 Â $20,530 ¼ $41,060 or in Euros (E) to E37,000 after conversion at 2016 rates. 29 A strategy that would fall below this threshold was considered to be cost-effective or to have cost-utility.
One-way deterministic sensitivity analysis was performed for every single variable to identify parameters relevant to the model. Further probabilistic sensitivity analysis was conducted with all the parameters running at the same time. To assign the respective distributions for these variables, the mean and standard deviation were approximated using the calculations provided by the TreeAge software. A half-cycle correction was used on all transitions in state, in both costs and outcomes.
Results
The results of the base case scenario are presented in Figure 2 and detailed in Table 1 . In Portugal, performing a screening upper endoscopy in combination with an already performed colorectal cancer screening colonoscopy after a positive faecal occult blood test was cost-effective, with additional endoscopy costs of just E60. This strategy provided an ICER of E15,407-30,908/QALY, below the adopted threshold of E37,000/QALY, depending on the endoscopic interval every 10 or 5 years, respectively. The strategy with a stand-alone upper endoscopy every five years at a mean cost of E137 (including endoscopic, anaesthetic, work lost and transportation cost) was not cost-effective with an ICER result of E70,396/QALY. Serologic pepsinogen screening every two years at a cost of E100 plus the endoscopic cost for patients with a positive test resulted in an ICER of E143,344/QALY. Table 1 also shows the scenarios of the model for Japan, Singapore and the USA. This illustrates how the results depend on the gastric cancer incidence in the population. Stand-alone endoscopic screening every five years would be cost-effective in Japan (high ASR of 29.9/100,000) with an ICER of E30,984/QALY for a threshold of E66,000/QALY, but not cost-effective in Singapore (intermediate ASR of 8.2/100,000) with an ICER of E112,924/QALY for a high threshold of E93,400/QALY nor in the USA (low ASR of 3.9/ 100,000) with an ICER of E237,406/QALY for a high threshold of E99,000/QALY. In deterministic one-way sensitivity analysis, three variables proved to be relevant to the model, and their possible range of values affected the ICER and cost-utility for endoscopic screening. These variables were the endoscopy costs, the number of endoscopies per patient over the screening age range and the ASR of gastric cancer. Figure 2 . Cost-effectiveness analysis comparing strategies for gastric cancer screening. Cost-effectiveness analysis comparing three different gastric cancer screening strategies versus no screening, from the age of 50 to 75 years old. The x-axis represents the effectiveness in quality-adjusted life years (QALY) and the y-axis represents the cost in euros (E). The best cost-effective strategy was upper endoscopic screening combined with screening colonoscopy, providing more effectiveness at lower costs than the other options. Light blue square: screening endoscopy associated with an already performed colonoscopy for colorectal cancer screening, every 5 to 10 years, where only the extra endoscopy cost is accounted for. Dark blue diamond: stand-alone screening endoscopy every five years accounting for endoscopic, anaesthetic, work lost and transportation costs. Red triangle: screening pepsinogen I and II every two years followed by endoscopy for positive cases only. Green circle: no screening option. Screening for gastric cancer in the model starts at the age of 50 until age 75. Endoscopy combined with colonoscopy means that, if associated with a colonoscopy already performed for colorectal cancer screening, every 5 to10 years (with or without polyps), only the extra endoscopy cost is accounted for; stand-alone endoscopic screening every five years means that the price includes endoscopic, anaesthetic, work lost and transportation costs; pepsinogen screening every two years means serologic screening measure of pepsinogens I and II, followed by endoscopy for positive cases only (positive cases if pepsinogen I 70 ng/ml and pepsinogen I/II ratio 3). The threshold of willingness-to-pay was set at 2Â the gross national income per capita in euros for the year 2016.
ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life years; USA: United States of America;
E: euros; $US: United States dollars.
in Portugal. For the option of a screening endoscopy combined with a screening colonoscopy, the model remained cost-effective as long as the gastric cancer incidence in terms of ASR was !10/100,000. The option of a stand-alone screening endoscopy every five years was cost-effective only if the endoscopy costs were E75, only three screening exams were performed per screened person (1 every 10 years) or if the ASR was !25/100,000. Figure 3 demonstrates these combined results for the stand-alone endoscopy under the current Portuguese ASR of 13.1/100,000, showing that the model would be cost-effective only for any screening strategy every five years (six exams per patient) if the endoscopic or serologic cost would be E75 or for an endoscopic cost of E160 if only three exams could be performed per screened person (one endoscopic exam every 10 years). Probabilistic multi-way sensitivity analysis based on 1000 Monte Carlo simulations showed that the standalone endoscopic screening every five years strategy Deterministic sensitivity analysis combining the three variables that proved in the model to be relevant: cost of endoscopy (cEndoscopy), number of endoscopies to perform from 50 to 75 years of age (nEndoscopies) and risk of gastric cancer (pGastric Cancer). For the model to be cost-effective the combination of these three variables needs to fall within the green horizontal squared area of the graph. Any combination of these three factors that falls within the blue transversal square area means that the model is not cost-effective. E: euros would be cost-effective in only 0.1% of cases ( Figure 4 ). Figure 5 illustrates that endoscopic screening every five years has a probability of 86% to be cost-effective for the Portuguese population if combined with screening colonoscopy at a reduced price of only E60. Stand-alone screening endoscopy (mean cost of E137) and pepsinogen screening (cost of E100) followed by endoscopy in positive cases are not cost-effective.
Discussion
The main conclusion of the present model is that in an intermediate-risk European country endoscopic screening for gastric cancer is cost-effective only if combined with an already scheduled screening colonoscopy after a positive faecal occult blood test. Although Portugal has an intermediate gastric cancer incidence with an ASR of 13.1/100.000, a stand-alone screening endoscopy every five years provides an ICER of E70,396/ QALY that clearly exceeds the adopted threshold of E37,000/QALY. For a screening test to be cost-effective in Portugal according to 2016 prices, the test would have to cost less than E75. This might be achieved only when the associated societal costs for endoscopy such as sedation, work absence and transportation are already accounted for, for instance if the screened person is already undergoing a colonoscopy for colorectal cancer screening. Although prospective studies on the use of pepsinogen as a screening method are ongoing in some European countries, its high cost is the main limitation from a cost-effectiveness perspective. 15 This means that even in Europe, if a screening colorectal cancer screening programme is already in place, by means of faecal occult blood or stand-alone colonoscopy, countries at an intermediate to higher risk for gastric cancer such as Albania, Belarus, Macedonia, Russia, Latvia, Ukraine, Estonia, Lithuania, Portugal, Moldova, Romania, Slovenia, Bulgaria and Croatia (presented according to their ASR, from 20.1 to 10.3) might benefit by providing their populations an upper endoscopy screening in conjunction with colonoscopy. As in any economic model, these conclusions should be modelled in each country after further adjustments to the local costs, gross national income per capita and clinical proportions; as such, this financial background may not be applicable to all intermediate gastric cancer's risk countries.
Additionally, the possibility of adding an upper endoscopy to an already scheduled colonoscopy might also speed up the clinical investigation usually required in cases of positive faecal occult blood test and a negative colonoscopy.
Another relevant conclusion is that the results strongly depend on the national gastric cancer incidence. Implementation of screening in countries like Japan (where gastric cancer endoscopic screening is current practice) is cost-effective. This does not pertain to other intermediate-incidence countries like Singapore (where the gross national income per capita is much higher than in Portugal) nor to countries with a low risk of gastric cancer such as the USA despite the high income per capita.
To the best of our knowledge only nine economic studies have been published so far on the issue of endoscopic screening for gastric cancer, seven in Asian populations and two from the USA, but none from Europe. Studies in high-incidence countries concluded that endoscopic screening was cost-effective. 4, [30] [31] [32] In countries with an intermediate risk of gastric cancer like Singapore one study concluded that twoyearly endoscopic mass screening was cost-effective only in a high-risk population of men aged 50-70 years with an ASR of 25.9 but not cost-effective for the entire population; 33 others concluded that a twoyearly surveillance strategy was the most cost-effective option for patients at increased risk aged 50-70 years, 24 and another concluded that endoscopic surveillance was cost-effective for high-risk individuals with an odds ratio for cancer >3.93, 34 in accordance with our previous model for high-risk patients. In countries with a low risk of gastric cancer, one concluded that gastric cancer would have to increase by 337% to become cost-effective while another concluded it was not cost-effective for the American population. 7, 35 The definition of the endoscopy costs is also relevant within this context. When using a societal point of view for the model, costs are relevant if they apply to the health system but also to the screenee and relatives. This means that the costs of endoscopy can easily rise up to E137 (the cost used for the base case scenario) if we account for fees, transportation, work time lost, and sedation. This reflects that the overall costs are much higher than the reimbursement costs for endoscopy alone.
There are, however, some limitations in the present study. First, as only positive faecal occult blood test cases would be invited to perform a colonoscopy, only those would be offered for the additional upper endoscopy screening benefit and recent data point to only 7% of positive faecal occult blood test cases. 13 This strategy also implies the assumption that the risk of gastric cancer is similar among patients with positive, negative or no faecal occult blood test. Also, the best interval between screening endoscopies is not yet defined and it is not possible to say if 5 or 10 years are enough or too much. Finally, utilities valuation is open to bias and, as in any economic model, it was conceived for a specific population so adjustments would need to be made for other countries.
In conclusion, endoscopic gastric cancer screening in conjunction with a scheduled colonoscopy may be costeffective in countries with an intermediate risk for gastric adenocarcinoma, namely in Eastern Europe and Portugal. This implies that endoscopic resources already allocated to colorectal screening programmes could be used to provide gastric cancer screening, both for detection of high-risk individuals with extensive premalignant conditions or early gastric cancer patients. This opens new opportunities to consider for prevention of a mostly incurable cancer when diagnosed at a symptomatic stage. 
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